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14. ABSTRACT

Performed in-vivo efficacy diseased and normal mice

Propose: To demonstrate in-vivo efficacy of bone-targeted nanoparticles loaded with Velcade in a mouse model of bone myeloma.
Scope: Test of 0.2 and 1% loading (Velcade) targeted and non-targeted; 5% PEG coated nanoparticles in GFP-Myeloma in-vivo model.
Major findings: Both classes of NPs tested (targeted and non-targeted) exhibit anti-tumor efficacy in the murine 5TGM1 model of
multiple myeloma. (Data in Appendix; subcontract to UTHSCSA Dr Babatunde O. Oyajobi, M.D., Ph.D.)

Demonstrated bone biodistribution in diseased and normal mice

Propose: To demonstrate preferential bone distribution of bone-targeted NPs.

Scope: We tested 5% and 15% PEG NPs targeted and non-targeted in control and diseased mice (Myeloma).

Major findings: We demonstrated partial bone accumulation of the targeted nanoparticles in vivo. No preferential accumulation
(significant) was detected with targeted over non-targeted NPs. (Fig 14-19)

Quantified functional groups available for ligand conjugation using OPA reagent

Propose: To demonstrate and quantify ASP4 bone targeting functional groups in NPs.

Scope: OPA reagent followed by amino-acid quantification using plate reader was done on NPs after acid hydrolysis to quantify ASP4
ligand in targeted and control NPs.

Major findings: We were able to directly quantify the ligand (ASP4) and results were consistent with the expected results (Appendix 3).

Quantified functional groups available for ligand conjugation using S*>-labeled ligands

Propose: To develop a technique to measure the presence of functional maleimide in the NPs surface.

Scope: Use of radiotracer cysteine amino acid [s*]to conjugate to functional maleimide group on the NP surface. Follow up by
competition of labeling with cold cysteine.

Major findings: We demonstrated the presence of functional Maleimide in NPs surface. (Data shown on previous report)

Developed alternative assay to confirm affinity of bone-targeting nanoparticles to hydroxyapatite substrates

Propose: To demonstrate bone targeting in-vitro using alternative tracer, this should help to confirm the binding assay is correct and not
due to the tracer and carrier protein used with the tracer.

Scope: We encapsulated a hydrophobic dye (rhodamine) using similar NP preparation procedures without a protein carrier.

Major findings: In-vitro binding results using the dye were similar to the results with the radioactive tracer; this confirms the binding is
not due to the procedure used or the carrier protein. (Fig 10)

Demonstrated in-vitro stability of radio-labeled nanoparticles

Propose: To develop methods to radio-label NPs. Current methods in the literature were tested but found to be incompatible with NP
work for our studies.

Scope: Conjugation to a carrier protein followed by loading into NPs was investigated.

Major findings: The optimized procedure was shown to be effective in terms of stability of label, and time to produce NPs for in-vivo
studies compatible with the short half life of Tc99m. (Fig 6,7)

Developed methods to radiolabel polymer nanoparticles

Propose: To develop a radio-labeling method for PLGA NPs with Tc99m for biodistribution studies.

Scope: We conjugated Tc99m to BSA, and encapsulated the complex into the NPs. Use of chelating agents recommended on the initial
proposal were unsuccessful.

Major findings: The conjugate was stable in-vitro and in-vivo; with good labeling efficiency and the total label was compatible with in-vivo
studies. Previous attempts included Tc99 conjugation to chelating agents; both of these were incompatible with NP preparations. (Fig
6,7)

Successfully transferred our nanoparticle preparation protocols; Started in-vivo biodistribution

Propose: To prepare Tc99m labeled NP at the place of the animal studies (UTHSCSA labs of Radiology).

Scope: To set up equipment and procedures at the site of animal studies and to test drive the techniques.

Major findings: We were able to reproduce the procedures and to generate materials for animal testing with specific activity compatible
with in-vivo studies.




Developed alternate procedures for preparing nanoparticles)

Propose: To explore alternate NP fabrication procedures that will allow efficient Tc99m labeling and prolonged in-vivo blood levels.
Scope: We tested several procedures for Tc99m NP fabrication. Selected procedures from recent literature were based on claims of
prolonged blood circulation levels. The goal was to keep the NP as the main technology, avoiding major changes such as liposome
formulations, but at the same time, exploring minor modifications to prolong blood circulation time in-vivo.

Major findings: None of the alternative procedures were with compatible with Tc99m tracer. Particle size from alternative procedures
were larger than 200nm and this effort was abandoned.

Synthesized and fully characterize PLA-b-PEG-Maleimide block Polymer (PLA-b-PEG-MAL)

Propose: To synthesize Maleimide modified PLGA-b-PEG 2000 for NPs bone-targeted formulations. (This material is not commercially
available)

Scope: Using ring opening reaction, synthesize PLA-b-PEG-MAL.

Major findings: This polymer was synthesized and characterized by H-NMR. (Appendix 2)

Improved lyostability of polymer nanoparticles, with and without PEG modification

Propose: To develop methods for long term storage of NPs.

Scope: Test different surfactant at range of concentrations for effect on particle size and charge after freeze drying.

Major findings: F68, a commonly used cryo-preserative was shown to be effective in maintaining particle size when used at 100 fold
excess over NP content. The common sugar sucrose was also effective. Data for sucrose was given in previous reports. (Fig 1-5)

Encapsulated two proteasome inhibitors, and determined their in-vitro release profiles

Propose: To demonstrate the encapsulation and release profile of proteasome inhibitors.

Scope: Standard procedures were used for efficient drug loading into targeted and non-targeted NPs, drug loading and release was
measured using simple UV absorbance.

Major findings: Velcade, a model and the only FDA approved proteasome inhibitor, was encapsulated in an NP. These released NPs
released close to 80% in 24 hours period. (Fig 12, 13)

Developed proteasome activity assay to determine activity of encapsulated drug

Propose: To demonstrate the activity of proteasome inhibitor (Velcade) before and after NP drug encapsulation.

Scope: Use cell based assay (5TGM1 myeloma cells) to measure in-vitro activity of compounds before and after encapsulation.
Major findings: Activity of Velcade was the same before and after encapsulation. (Fig 11)

Developed in-vitro assay to determine affinity of bone-targeting nanoparticles

Propose: To demonstrate in-vitro binding using bone-equivalent materials.

Scope: Hydroxyapatite materials were tested for NPs binding with two ligand and with two tracers.

Major findings: In-vitro binding was demonstrated. Background and non-specific binding are significant. (Fig 9, 10)
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1. Introduction

The goal of this project was to determine, in preclinical studies, the potential of skeletally targeted
polymeric nanoparticles as carriers of the proteasome inhibitor Bortezomib (Velcade), to be used as a
selective and efficacious treatment of Multiple Myeloma.

In clinical oncology practice, Velcade is a chemotherapeutic agent currently approved for the treatment
of myeloma in the relapsed setting post transplant or as a second line treatment in patients unsuitable
for transplantation. In a clinical trial, Velcade patients had a significantly higher rate of overall survival
(80 per cent) versus patients who received dexamethasone alone. However, Velcade causes significant
problems including systemic toxicity, which limits the actual therapeutic window and efficacy of the
treatment. Our hypothesis is that bone-targeting nanocarriers can preferentially accumulate in the
skeleton and locally release Velcade to impair the capacity of myeloma cells to survive and grow in vivo,
thereby reducing the formation and growth of tumor-induced lytic bone lesions. Otherwise, Velcade is
not selective to bone.

The major tasks of this research were:

1) Formulate and characterize drug-containing, bone-targeting nanoparticles.

2) Determine the in vivo biodistribution of bone-targeting nanoparticles.

3) Evaluate the efficacy of bone-targeted delivery of proteasome inhibitors on myeloma tumor
progression using the well-characterized 5TGM1 GFP label murine model of myeloma.

Under this grant, we have demonstrated the preferential biodistribution of nanoparticles specifically
designed to target and adhere to bone matrices. We have shown that these same nanoparticles can
selectively deliver Velcade to skeletal sites to act as an anti-myeloma agent. Targeted bone delivery has
several potential benefits, including reduced systemic exposure, increased efficacy in the targeted
microenvironment, and the ultimate opportunity to reverse catastrophic disease processes.
Furthermore, targeted delivery to bone has several additional significant application opportunities in the
areas of bone metastasis, osteoporosis, fracture healing, cartilage repair, and tissue engineering.

This final report contains previous key information presented as graphs and tables demonstrating work
achieved on formulation and in preliminary biodistribution studies. The second part of the report
contains the latest biodistribution results presented as unprocessed data and graphs for easy
visualization of the results. This new information is under the title “Biodistribution studies”.

Task 3 consisted of testing the efficacy of formulated nanoparticles using an in vivo model of multiple
myeloma. This task was delayed until very recently because of an animal shortage and unconfirmed
dates for delivery. This situation was beyond the control of the investigators and the army grant
manager was notified during our communications. The solution to the problem was found when our
collaborator at UTHSCSA suggested the use of alternative species. This solution was immediately
adopted and is in progress as we prepare this final report.
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2. Body
The project is broken down into the following tasks:

1) Formulation and characterization of drug-containing, bone-targeting nanocarriers.

2) Determination of the in vivo biodistribution of bone-targeting nanocarriers.

3) Demonstration of the efficacy of bone-targeted delivery of proteasome inhibitors on
myeloma tumor progress.

Task 1 was scheduled to occur during years 1 and 2.
Task 2 was scheduled to occur during years 2 and 3 with some overlap with Task 1.
Task 3 was scheduled to occur during the last year and half of the project.

This final report is a compilation of the most relevant data collected and previously reported; the data
presented was selected to address the tasks listed above. This report also includes new data on work
performed since our last report, and completes the extensive work on biodistribution. Task 3, which
deals with the efficacy of the formulated nanoparticles, was just recently initiated and is in progress. No
task 3 data has been included in this final report and will be provided as an amendment when results are
available (Final efficacy report it is been prepared by Professor Babatunde O. Oyajobi at UTHSCSA).

1) Task 1 is focused on the development of the bone-targeting nanoparticles and is broken
down into the following subtasks:

e Selection of proteasome inhibitors for in vivo studies. Completed and reported in the
first annual report.

e Formulation and characterization of bone-targeting nanoparticles. Completed and
discussed in the first and second annual reports.

e Demonstration of adhesion of bone-targeting nanoparticles to bone-like substrates in
vitro. Completed and discussed in the second and third annual reports.

o Formulation of proteasome inhibitors into bone-targeting nanoparticles. Completed
and discussed in the second annual report.

2.1 Formulation of Nanoparticles

Nanoparticles were prepared by a water-and-oil emulsification method, followed by solvent
evaporation. Figures 1 and 2 show the characterization of particle size as a function of polymer
concentration and as a function of PEG concentration, respectively. These figures show that as the PLGA
polymer solution concentration is decreased (diluted), the nanoparticle size decreases. Also, as the PEG
concentration increases, the nanoparticle size decreases.

Results on surface charge characterization (Zeta potential) as a function of PEG concentration are shown
in Figure 3: the higher the PEG content, the more neutral are the nanoparticles, as determined in a
phosphate buffer solution. Particles made with 100% PLGA-PEG are almost neutral. Figure 4 shows an
E-SEM microphotograph to confirm the particle size. Finally, Figure 5 shows the effect of the cryo-
protectant Pluronic F68 mixed at different ratios to avoid particle agglomeration during the freeze
drying process. As shown in Figure 5, the size (nm) is represented as a function of the ratio of cryo-
protecting agent (F-68) to PLA-PEG.
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Figure 1: Nanoparticles size as a
function of polymer concentration
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Figure 3: Zeta potential as a
function of PEG concentration

Zeta petertial (T4

PEG Content (wt %a)
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Figure 5: Nanoparticle size after
freeze drying as a function of F68 to
PLA-PEG  ratio  (cryo-preservation
agent)

%MTc Radiolabeling of Nanoparticles

We developed unique radio-labeling protocols using a multi-variable approach that included reducing
labeling time, decreasing particle size, increasing PEG content, and reducing surface charge. All of these
strategies were investigated and optimized to generate better material for the in vivo animal studies.

AWARD NUMBER: W81 XWH-05-C-0004

-Page 5-

April 25, 2011




Our initial approach was to develop methods of radio-labeling nanoparticles in preparation for
biodistribution studies planned in Task 2. We selected the gamma emitter **™Tc, with a 6.5 hr half-life,
based on the experience of our collaborators at The University of Texas Health Science Center at San
Antonio (UTHSCSA). *™Tc is hydrophilic and provided as an aqueous solution from the cyclotron source.
We originally proposed chelating this radionuclide with a lipophilic chelator HMPAO or others, mirroring
methods to label liposomes, and to facilitate encapsulation using our simple precipitation protocol.
However, this approach was not successful. After examining several commercial chelators, we found
that both the chelation and the encapsulation efficiency were very dependent on the ‘quality’ of the
radionuclide. *™Tc is subject to oxidation, which affects chelation efficiency and, in turn, affects
encapsulation efficiency. In most cases, encapsulation efficiency was less than 20%, which was deemed
as insufficient. Subsequently, we explored the conjugation of *™Tc to reduced proteins, such as bovine
serum albumin (BSA), to improve its loading efficiency into nanoparticles (Figure 6). This yielded
encapsulation efficiencies of 90% or greater. Payload stability was monitored over a 24-hour period and
was found to be nearly 100%. Figure 7 shows in vitro stability in serum and in PBS, and Figure 8
demonstrates in vivo stability of non-targeted nanoparticles (in this case, most of the label was found in
the liver with a very small amount seen in the bladder, the bladder fraction representing free *"Tc in
vivo).

However, we had concerns related to residual reducing agent. This agent was used to activate the
protein and can cause interference with the coupling of bone-targeting ligands to functionalized
nanoparticles. Therefore, we modified the radio-labeling method to use a commercial reducing gel that
can be removed from the protein preparation by simple centrifugation. The newly reduced, clean
protein can then be used to complex the radionuclide for encapsulation using the same procedure
described previously. The encapsulation efficiency was unaffected by this slightly altered approach.
Furthermore, this modified method avoided a lengthy column separation process that diminished the
amount of available radioactivity (yield).
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Figure 6: Radiolabeling of Figure7: Relative stability of *™Tc
nanoparticles using oxidized, fresh or label nanoparticles in vitro after 24
conjugated Tc into BSA hours incubation

Figure 8: Stability of *®™Tc nanoparticles in vivo measured by SPECT technique at 2 hours post-injection

SWRI Nanopatrticles
2 h post-injection
Mouse 4

Liver

2.2 Ligand Quantification

After testing different unsuccessful methods for direct ligand quantification, we developed our own
procedure to quantify the ligand content directly. The method used acid hydrolysis and colorimetric
absorbance detection; a method similar to the one used for amino acid analysis. On previous attempts,
we had tried Nuclear Magnetic Resonance (NMR) techniques to quantify the ligand. In retrospect, the
size of the polymer relative to the small size of the ligand made this approach very difficult.

Acid hydrolysis of the conjugated ligand was followed by primary amine detection with OPA reagent (O-
Phtalaldehyde) (See Appendix 3). In this method, nanoparticles were treated by controlled acid
hydrolysis. This is a procedure similar to amino acid analysis of proteins. The released amino ligand was
quantified using a sensitive fluorescent amino terminus reagent (OPA).
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To test this method, we made nanoparticles and conjugated the ligand on the surface using maleimide
chemistry or made nanoparticles using our custom made polymer, which was already conjugated with
the targeting ligand before nanoparticle formation (PLGA-PEG-LIGAND).

Using this procedure, we were able to detect the presence of the ligand in all of the targeting polymers
synthesized so far. We found that the conjugation efficiency was a variable that depended on the route
of synthesis. It varied from 5% for the ASP4 ligand to 25% efficiency for the BP ligand. This method is
now a standard technique for ligand quantification.

2.3 Hydroxyapatite Binding (HAp Binding)

As a first approach, (Method #1) we created ligand-nanoparticle containing functionalized surfaces
(Maleimide reactivity) followed by conjugation with targeting ligand. After a cleanup procedure
(centrifugation step) to remove the free ligand, the nanoparticles were tested for HAp binding. To
improve the sensitivity of this technique, radio-labeled nanoparticles were used.

As a second approach, (Method #2) nanoparticles made with polymers already containing ligands (PLGA-
PEG-BP and PLGA-PEG-ASP4) blended with different ratios of PLGA-PEG. The resulting nanoparticles
were used to evaluate HAp in vitro binding. This approach was developed using the successful synthesis
of the starting materials discussed below (see synthesis Appendix 2).

However, the binding experiments performed with NP construct made via this approach were
unsuccessful. It is possible that the ligand exposure using pre-conjugated polymers is much lower than
when using post conjugation of pre-made nanoparticles. Figure 9 and Figure 10 show in vitro binding
data using post conjugation methods (particles fabricated with PLGA-PEG-MAL; ligand is conjugated
onto their surfaces afterward). The reactivity of maleimide (MAL) is used post particle formation to
conjugate the targeting ligand. This approach seems to be working and is the method used for all of the
in vitro and in vivo studies, as shown below. Figure 9 shows binding to HA using a bisphosphonate (BP)
or poly aspartic acid (ASP6). **™Tc labeling was used as a tracer. Figure 10 shows HA binding results for
the ASP6 ligand using a dye as a tracer. The two methods demonstrate specific binding with some small
amount of background binding. The background binding can be due to the entrapment of nanoparticles
within HA micro-particles.

It is important to mention that pre-made polymers with ligand included in the starting materials (PLGA-
PEG-Ligand) could in theory simplify the development of this technology. This was contemplated in the
initial proposal. However, this approach has been more difficult than anticipated. Alternatively, this
approach could also produce unexpected results such as reduced efficacy seen by us.
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2.4 Synthesis

PLGA-PEG-BP and PLGA-PEG-ASP4 polymers were synthesized, and we were able to produce the final
materials at 5-25% yield quantified using the OPA technique (see appendix 3). To improve the yield, we
developed alternative routes that resulted in even higher yield of the final product. This material was
tested multiple times but it was less effective or just ineffective in terms of producing nanoparticles with
binding affinity for bone substitutes. Therefore this approach was abandoned. All our in vivo studies
were performed using the post particle conjugation strategy (Method #1 in page 8)

Cell Based Testing of Velcade-Loaded Nanoparticles

For our cell based study, we used the FDA approved drug, Velcade TM. This drug was loaded in
nanoparticles and tested in vitro using the 5TMG1-GFP myeloma cell line. This cell line was obtained
from our collaboration with Dr. Greg Mundy’s lab at Vanderbilt University in Nashville, Tennessee, and is
the same cell line used in our efficacy studies. The results indicated that Velcade remains active after
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encapsulation (Figure 11). Controlled drug release is shown in Figure 12 and Figure 13 represented as
total and cumulative drug release. A 100% release was demonstrated after a 7 day period.

Figure 11: Cytotoxicity of Velcade (Bortezomib) free drug or nanoparticle loaded
drug on 5TMG1 Myeloma cells line after 24 hours treatment. (Activity measured with

MTT assay)
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Figure 13: Drug release from nanoparticles (Velcade) in phosphate buffer
expressed as cumulative percentage of drug released
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Notes:

Velcade: Recommended clinical dose = 1.3 mg/m®.
Rat equivalent = 0.2 mg/kg in rat

Drug loading: 0.1-1.5% (5-15 pg/mg) for tested formula
Nanoparticles usage: typical 2mL/kg injection at 10mg/mL
concentration can reach the require dosage in animals

2) Task 2 concerned with the assessment of the in vivo biodistribution of bone-targeting

nanoparticles in a myeloma mouse model. The task is broken down into the following
subtasks:

® Preparation of radio-labeled bone-targeting nanoparticles.
e |nvivo biodistribution assay.
Both of these tasks were completed.

We conducted initial animal trials in late November/early December 2007, which allowed us to confirm
our in vivo protocols and test initial nanoparticle formulations. Particle formulations and radiolabel
content were more than sufficient to permit in vivo imaging; the initial particle size was 180 nm and
proved too large to support long-term distribution. This led to further development to reduce the
particle size, which raised some previously unknown issues with nanoparticle formulation by-products
on smaller nanoparticle colloidal stability. This forced us to resolve these issues before proceeding with
additional in vivo studies. We performed the final in vivo biodistribution study in April 2010.

The figures below present the key results of the initial exploratory biodistribution studies. These studies

were done using 120 nm and 200 nm nanoparticles and non-diseased mice. Biodistribution studies were
performed on 6 animals per group; freshly made nanoparticles loaded with ®™ Tc were injected in mice
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by tail vein injection. Figure 14 shows selected bone biodistribution after 24 hours, Figure 15 shows
biodistribution to selected tissues after 24 hours and Figure 16 shows blood clearance from 0-44 hours.
Bars in Figures 13-15 represent mean =SD (n=6).

Figure 14: Bone biodistribution of two
particle sizes (120 and 200 nm) at 24 hr

Figure 15: Whole body biodistribution at 24 hr.
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Figure 16: Blood levels for two particle sizes 0-44
hr.

Because of the reduced blood circulation time on the initial experiments, we investigated procedures to
modify the nanoparticle formulation methods using the optimized radio-labeling techniques developed
after the first pilot biodistribution study. Compared with the above results, we observe now a
prolonged half-life for the non-targeted nanoparticles. However, the targeted nanoparticles had a
reduced time in blood and were removed from circulation at the same rate as before. This is probably
due to the surface modification introduced with the targeting ligand. An alternative explanation is that
more nanoparticles are taken by bone and removed from circulation, but this was not demonstrated by
guantification of bone uptake.

The figures below show biodistribution performed on 6 animals per group; freshly made nanoparticles
of about 100nm size, and loaded with **Tc were injected in mice by tail vein injection. Figure 17 shows
blood levels of targeted nanoparticles. Figure 18 shows blood levels of non targeted nanoparticles.
Figure 19 shows bone distribution of non-targeted and targeted nanoparticles. Bars in Figures 17-19
represent mean + SEM (n=6).

As seen in figure 16, 120nm NPs have a longer circulation time in blood, versus 200nm that are removed
from the blood as quickly as 1 hour after tail vain injection. This has been reported before with slightly
different formulations, but was confirmed to make sure we have sufficient circulation time for bone-
targeting using our formulations.

To compare the circulation times of targeted and non-targeted NPs, we performed in-vivo testing (seen
in figure 17, 18). Figure 18 shows a prolonged blood circulation of non-targeted NPs, which is better
than the circulation times shown in figure 16. This was attributed to our improved techniques and
experience on the NPs formulation. However, targeted NPs have a reduced circulation time in blood as
compared to same NPs (120nm) in figure 16 independent of the disease status. This was attributed to
filtration of targeted particles, and organs such as the spleen and liver where most of the Tc99m was
found.

Figure 19, shows bone biodistribution of NPs. There is a small background accumulation of targeted and

non-targeted NPs in bone (~2% of total dose) and a differential accumulation of targeted NPs that is
higher in Myeloma mice than control animals (6% for targeted versus 3% for non-targeted NPs). This 3%
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differential was encouraging and the positive result of this study is knowing that most of the targeted
NPs are removed in the liver or spleen.

Figure 17: In vivo blood biodistribution in
mice (n=6)

Figure 18: /n vivo blood
biodistribution in mice (n=6)
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= Contro Figure 19: Bone biodistribution in mice
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2.5 Final biodistribution study

In April of this year, we conducted a final biodistribution study using normal and tumor bearing mice.
Our goal was to fine-tune the amount of PEG coating to prolong systemic circulation. We tested a 5%
and a 15% PEG loading (5% or 15% by weight PEG expressed as a percentage of the PLGA-PEG total
polymer). All of the formulations were **™Tc loaded without Velcade, and the groups tested are shown
on the table below. The intended animal group size was 7 animals for tumor bearing mice and 3 for
control mice; however we lost some animals on the control groups during the study due to the actual
nanoparticle injections (see table below).

Table 1: Nanoparticles formulations tested for biodistribution

Date Formulation Intended mice groups Actual mice groups

3-25-2010 5% PEG Non Targeted Tumor n=7 control n=3 Tumor n=7 control n=3
3-26-2010 15% PEG Non Targeted Tumor n=7 control n=3 Tumor n=7 control n=3
3-29-2010 5% PEG Targeted Tumor n=7 control n=3 Tumor n=7 control n=2
4-5-2010 15% PEG Targeted Tumor n=7 control n=3 Tumor n=7 control n=0

We tested four *™Tc nanoparticle formulations in green fluorescent protein (GFP) tumor-bearing and
control mice. Each conscious mouse was injected with 0.1 mL (~0.5 mCi per mouse) **"Tc nanoparticle
formulation in the tail vein using a syringe with a 27% gauge needle. Immediately following injection,
the mice were anesthetized by inhalation of 2% isoflurane in 100% oxygen and blood was collected into
VWR heparinized hematocrit tubes from retro-orbital sinus.

The clearance of the *™Tc-nanoparticles from the blood (Table 2 and Table 3) was determined by
counting blood samples collected at various times post-injection. For each formulation there does not
appear to be big differences in clearance kinetics between tumor-bearing and control mice. The 3-25-
2010 batch cleared from circulation faster than the other formulations tested. The formulations on 3-
26-2010 and 3-29-2010 had similar clearance kinetics which remained slightly longer in circulation than
the 3-25-2010 formulation. The 4-5-2010 formulation remained in circulation for a prolonged time
compared with the other formulations. For each formulation, a large percentage of the **™Tc
nanoparticles were removed from circulation within the first four hours into mainly the liver and spleen.

Table 2: Normalized % **"Tc Activity in Blood; Mean (SEM)

Time (h)
3-25-2010 3-25-2010 3-26-2010 3-26-2010
Unconjugated Unconjugated Unconjugated PEG Unconjugated
Tumor Control Tumor PEG Control
0 100 (0) 100 (0) 100 (0) 100 (0)
1 18.72 (3.17) 18.24 (4.93) 28.42 (5.19) 28.69 (12.99)
2 14.69 (2.20) 17.72 (5.45) 23.77 (4.17) 22.05 (9.70)
4 8.96 (1.56) 14.00 (5.08) 17.18 (3.10) 17.79 (6.85)
20 0.59(0.18) 2.14 (1.80) 4.46 (1.03) 5.09 (2.47)
44 0.21 (0.05) 1.97 (1..94) 0.04 (0.01) 0.09 (0.07)
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Table 3: Normalized % **™Tc Activity in Blood; Mean (SEM)

Time (h)
3-29-2010 3-29-2010 4-5-2010 4-5-2010
Targeted Tumor Targeted Control Targeted PEG Tumor | Targeted PEG Control
0 100 (0) 100 (0) 100 (0) 100 (0)
1 26.53 (3.25) 16.36 (1.03) 54.16 (8.36) 50.49
2 18.11 (2.14) 13.14 (0.87) 46.68 (8.21) 37.52
4 12.22 (1.07) 11.63 (0.66) 41.29 (5.94) 35.08
20 0.84 (0.27) 0.32(0.06) 10.64 (2.35) 6.99
44 0.04 (0.01) 0.02 (0.00) 0.1590.05) 0.07

At 44 h post-injection and immediately after the imaging session, blood was collected by cardiac
puncture in the anesthetized mice. The mice were then euthanized by cervical dislocation. Tissues were
collected in 10% formalin and selected bones were collected in paraformaldehyde for GFP optical

imaging. Tissues were removed from the bones prior to fixation.

Samples were weighed and counted,

and organ distributions calculated. The % ID per organ for non-bone organs are shown in table 4 and 5

below. For all groups, the liver and spleen had the most uptake of the non-bone organs.

In some

animals, we noted large ovaries and uptake in these tissues.

Table 4: Total body tissue distribution expressed as percent of injected dose per total organ

Organ % ID/ organ % ID/ organ % ID/ organ % ID/organ

3-25-2010 3-25-2010 3-26-2010 3-26-2010

Unconjugated Unconjugated PEG PEG

Tumor Control Tumor Control

Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Blood 0.265 (0.101) 0.101 (0.040) 0.143 (0.045) 0.136 (0.018)
Heart 5.533 (6.492) 0.011 (0.007) 0.043 (0.010) 0.021 (0.006)
Lungs 0.370 (0.065) 0.198(0.097) 0.178(0.026) 0.121(0.029)
Liver 30.326 (5.052) 25.391(11.786) 27.823(6.927) 35.314(7.151)
Kidneys 0.451 (0.149) 0.386 (0.073) 0.381(0.065) 0.443(0.047)
Spleen 8.667 (1.583) 9.982 (4.751) 2.736(0.583) 3.370(0.931)
Ovaries/Testes 0.167 (0.106) 0.083 (0.036) 0.128(0.044) 0.124(0.023)
Stomach 0.185 (0.090) 0.095(0.031) 0.153(0.028) 0.109(0.019)
Intestines 0.423 (0.189) 0.502(0.064) 0.826(0.079) 0.983(0.165)
Muscle 1.003 (0.795) -6.779 (6.884) 1.045(0.271) 1.104(0.878)
Skin 0.382 (0.147) 0.267 (0.050) 0.687(0.136) 0.713(0.109)
Brain 0.067 (0.046) -0.003 (0.001) -0.001(0.001) 0.000(0.003)
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Table 5: Total body tissue distribution expressed as percent of injected dose per total organ

Organ % ID/ organ % ID/ organ % ID/ organ % ID/ organ
3-29-2010 3-29-2010 4-5-2010 4-5-2010
Targeted Tumor | Targeted Control Targeted PEG Tumor | Targeted PEG Control
Mean (SEM) Mean (SEM) Mean (SEM) Mean
Blood 0.099 (0.023) 0.099 (0.031) 0.064(0.023) 0.102
Heart 0.019 (0.004) 0.014 (0.000) 0.015(0.004) 0.019
Lungs 0.130 (0.025) 0.196 (0.116) 0.139(0.073) 0.089
Liver 38.149 (6.941) 49.612 (0.252) 13.663(4.294) 26.429
Kidneys 0.325 (0.030) 0.386 (0.012) 0.224(0.035) 0.310
Spleen 5.370 (1.076) 6.465 (0.476) 1.349(0.362) 2.396
Ovaries/Testes | 0.069 (0.038) 0.040 (0.006) 0.033(0.013) 0.021
Stomach 0.122 (0.012) 0.093 (0.023) 0.081(0.039) 0.059
Intestines 0.568 (0.050) 0.586 (0.027) 0.538(0.123) 1.194
Muscle 0.130 (0.051) 0.328 (0.302) -0.008(0.047) 0.034
Skin 0.375 (0.061) 0.620 (0.028) 0.290(0.060) 0.680
Brain 0.000 (0.001) -0.005 (0.000) -0.001(0.004) 0.021

The following tables (6 and 7) show the biodistribution data of non-bone tissues calculated as % ID/g

tissue.

Table 6: Total body tissue distribution expressed as percent of injected dose per gram of tissue

Organ %ID/ g %ID/ g %ID/ g % ID/g

3-25-2010 3-25-2010 3-26-2010 3-26-2010

Unconjugated Unconjugated PEG PEG

Tumor Control Tumor Control

Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Blood 0.232(0.090) 0.094(0.041) 0.132(0.0400 0.122(0.014)
Heart 47.272(55.494) 0.100(0.065) 0.438(0.137) 0.224(0.065)
Lungs 2.201(0.411) 1.060(0.518) 1.129(0.225) 0.682(0.158)
Liver 27.037(4.152) 23.348(10.920) 27.878(6.867) 35.492(6.221)
Kidneys 1.320(0.388) 1.236(0.246) 1.402(0.229) 1.629(0.108)
Spleen 104.663(21.620) 141.846(74.725) 33.285(9.707) 58.761(12.759)
Ovaries/Testes 5.629(4.314) 0.252(0.164) 0.502(0.201) 12.357(12.107)
Stomach 0.431(0.198) 0.332(0.137) 0.307(0.046) 0.339(0.028)
Intestines 0.175(0.074) 0.251(0.040) 0.385(0.036) 0.465(0.049)
Muscle 0.113(0.086) -0.844(0.858) 0.138(0.035) 0.146(0.118)
Skin 0.152(0.061) 0.107(0.022) 0.277(0.053) 0.277(0.037)
Brain -0.816(1.235) -0.007(0.004) -0.002(0.002) -0.002(0.009)
AWARD NUMBER: W81XWH-05-C-0004  -Page 17- April 25, 2011




Table 7: Total body tissue distribution expressed as percent of injected dose per gram of tissue

Organ % 1D/ g % 1D/ g % 1D/ g % ID/g
3-29-2010 3-29-2010 4-5-2010 4-5-2010
Targeted Targeted Targeted PEG Targeted PEG
Tumor Control Tumor Control
Mean (SEM) Mean (SEM) Mean (SEM) Mean
Blood 0.089(0.021) 0.086(0.027) 0.059(0.021) 0.081
Heart 0.165(0.031) 0.136(0.011) 0.206(0.059) 0.334
Lungs 0.698(0.163) 1.347(0.985) 0.784(0.423) 0.524
Liver 33.897(5.887) 47.669(4.782) 13.582(4.376) 28.357
Kidneys 1.162(0.107) -4.095(5.673) 0.903(0.163) 1.493
Spleen 57.119(12.506) 64.566(14.931) 21.371(9.472) 36.310
Ovaries/Testes 14.023(13.940) 0.138(0.036) 10.893(4.291) 7.161
Stomach 0.271(0.037) 0.292(0.114) 0.213(0.089) 0.271
Intestines 0.248(0.020) 0.256(0.007) 0.298(0.099) 0.876
Muscle 0.016(0.006) 0.040(0.045) -0.001(0.006) 0.004
Skin 0.147(0.024) 0.235(0.012) 0.117(0.025) 0.236
Brain -0.001(0.003) -0.012(0.002) -0.003(0.009) 0.047

The biodistribution data of the % injected dose (ID) per organ for the various bones and total bone are

shown below (tables 8 and 9). In certain animals, the

99m

Tc nanoparticles infiltrated in the tail upon

injection, so this needed to be taken into account when comparing the bone uptake values.

Table 8: Total bone distribution expressed as percent of injected dose organ

Organ % ID/ organ % ID/ organ % ID/ organ %ID/organ
3-25-2010 3-25-2010 3-26-2010 3-26-2010
Unconjugated Unconjugated PEG PEG
Tumor Control Tumor Control
Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Calvaria 0.169(0.069) 0.024(0.010) 0.064(0.012) 0.085(0.015)
Skull 0.253(0.050) 0.215(0.084) 0.216(0.040) 0.251(0.010)
Upper Spine 0.197(0.052) 0.183(0.080) 0.403(0.104) 0.327(0.048)
Lower Spine 0.363((0.121) 0.447(0.067) 0.452(0.096) 0.588(0.077)
Ribs 0.186((0.053) 0.133((0.053) 0.222(0.050) 0.206(0.013)
Right Arm 0.089(0.011) 0.064(0.023) 0.079(0.015) 0.108(0.021)
Left Arm 0.325((0.275) 0.060(0.023) 0.092(0.026) 0.092(0.014)
Right Leg 0.365(0.317) 0.182(0.079) 0.139(0.025) 0.222(0.043)
Left Leg 0.367(0.335) 0.156(0.070) 0.168(0.053) 0.184(0.034)
Tail 8.489(6.147) 10.612(8.525) 12.752(5.537) 9.642(5.911)
Total Bone 10.804(5.987) 12.075(8.114) 14.587(5.533) 11.706(5.742)
Total Bone
W/o Tail 2.315(0.389) 1.463(0.428) 1.836(0.364) 2.064(0.178)
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Table 9: Total bone distribution expressed as percent of injected dose organ

Organ % ID/ organ % ID/ organ % ID/ organ % ID/ organ
3-29-2010 3-29-2010 4-5-2010 4-5-2010
Targeted Targeted Targeted PEG Targeted PEG
Tumor Control Tumor Control
Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)

Calvaria 0.039(0.008) 0.025(0.000) 0.032(0.012) 0.090

Skull 0.173(0.024) 0.192(0.000) 0.155(0.036) 0.334

Upper Spine 0.228(0.030) 0.289(0.005) 0.172(0.033) 0.259

Lower Spine 1.166(0.790) 0.438(0.033) 1.130(0.465) 0.651

Ribs 0.133(0.014) 0.157(0.025) 0.101(0.021) 0.187

Right Arm 0.051(0.008) 0.070(0.007) 0.044(0.013) 0.092

Left Arm 0.047(0.009) 0.062(0.008) 0.041(0.009) 0.079

Right Leg 0.105(0.018) 0.131(0.004) 0.091(0.029) 0.212

Left Leg 0.090(0.013) 0.117(0.007) 0.079(0.022) 0.155

Tail 12.765(5.068) 5.571(1.133) 15.005(4.183) 7.598

Total Bone 14.798(5.385) 7.051(1.084) 16.849(4.295) 9.655

Total Bone

W/o Tail 2.033(0.790) 1.480(0.049) 1.845(0.425) 2.058
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At the end of the study, we also collected the limbs and spines from both GFP tumor and control mice
into paraformaldehyde and scanned them in an optical imaging system. Images for four different mice

injected with GFP tumor cells are attached (Figure 20-23). There is fluorescence covering the spine as
well as discrete uptake in the limbs of mouse 4.

. . Figure 20: Limbs and
Representative GFP Images of Excised spine of GFP labeled

Limbs and Spine tumor cells in mouse
Tumor Mouse 1

Limbs Spine
] Figure 21: Limbs and
Representative GFP Images of Excised spine of GFP labeled
Limbs and Spine tumor cells in mouse
Tumor Mouse 2

Limbs Spine
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Figure22: Limbs and
Representative GFP Images of Excised Limbs and Spine spine of GFP labeled
Tumor Mouse 3 tumor cells in mouse

Limbs Spine
. . Figure 23: Limbs and
Representative GFP Images of Excised spine of GFP labeled
Limbs and Spine tumor cells in mouse

Tumor Mouse 4

Limbs Spine
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Representative planar images of each group acquired at various time points after intravenous injection

99m

are attached (Fig 24-31). For each time point and formulation, the organ with the most "'Tc-activity is
the liver.
_ Figure 24: Planar
Group | Unconjugated image of  mice
Mouse Tumor 4 3-25-2010 injected with 5% PEG
Non-Targeted at
various time points
Max ,EU—
Baseline 1 Hour
4 Hour 20 Hour 44 Hour
_ Figure 25: Planar
Group | Unconjugated image of  mice
Mouse Control 10 3-25-2010 injected with 5% PEG
Non-Targeted at
various time points
tax: B0
Baseline 1 Hour
Q
4 Hour 20 Hour 44 Hour
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Figure 26: Planar
Group Il PEG image of  mice
Mouse Tumor 13 3-26-2010 injected with 15%
PEG Non-Targeted
at  various time
points
Ma: B0
Baseline 1 Hour 2 Hour
Min: |0
4 Hour 20 Hour 44 Hour
Figure 27: Planar
Group Il PEG image of  mice
Mouse Control 19 3-26-2010 injected with 15%
PEG Non-Targeted
at  various time
points
Ma: B0
Baseline 1 Hour 2 Hour
Min: |0
4 Hour 20 Hour 44 Hour
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Group Il Targeted
Mouse Tumor 3 3-29-2010

Figure 28: Planar
image of mice
injected with 5% PEG
Targeted at various

time points
Ma: B0
Baseline 1 Hour 2 Hour
Min: |0
4 Hour 20 Hour 44 Hour
Figure 29: Planar
Group Il Targeted image of  mice
Mouse Control 9 3-29-2010 injected with 5% PEG
Targeted at various
time points
Ma: B0
Baseline 1 Hour 2 Hour
Min: |0
4 Hour 20 Hour 44 Hour
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Group IV PEG Targeted
Mouse Tumor 1 4-5-2010

Figure 30: Planar
image of mice
injected with 15%
PEG Targeted at
various time points

tax: B0
Baseline 1 Hour 2 Hour
Min: |0
4 Hour 20 Hour 44 Hour
Figure 31: Planar
Group IV PEG Targeted image of  mice
Mouse Control 8 4-5-2010 injected with 15%
PEG Targeted at
various time points
Maw; |50
Baseline 1 Hour 2 Hour
belin: |0
4 Hour 20 Hour 44 Hour
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Figures 32-35 show whole body biodistribution of two nanoparticles formulations, one for 5% PEG and
one for 15% PEG composition, of bone targeted and non targeted nanoparticles. Figures 36-39
demonstrated bone biodistribution of the above mentioned nanoparticles (5 and 15% PEG composition
targeted and non targeted) Figures 40-43 demonstrate blood clearance of the above mentioned

formulations

Biodistribution of non-targeted and targeted NPs is shown in figures below:

Biodistribution of Non Targeted NPs (3/26/2010)
5% PEG Loading

Total Bone no Tail
Total Bone A
Tail

Left Leg
Right Leg
Left Arm
Right Arm
Ribs

Lower Spine A
Upper Spine
Skull 1
Calvaria
Brain -

Skin A

Muscle -
Intestines
Stomach
Ovaries/Testes
Spleen
Kidneys +
Liver

Lungs i
Heart |

Blood

White color = Control, N=3

Black = Tumor, N=7
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Figure 32:

Whole body biodistribution of
5% PEG loaded Non-Targeted
PLGA-PEG NPs. White bars are
control mice and black bars
are tumor-bearing mice.

Biodistribution of Non Targeted NPs (3/26/2010)
15% PEG Loading
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Right Leg
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Calvaria A
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White color = Control, N=3
Black = Tumor, N=7
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Ovaries/Testes
Spleen
Kidneys

Liver

Lungs
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Figure 33:

Whole body biodistribution of
15% PEG loaded Non-Targeted
PLGA-PEG NPs. White bars are
control mice and black bars
are tumor-bearing mice.
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Biodistribution of Targeted NPs (3/29/201
5% PEG Loading

0)
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Figure 34:

Whole body biodistribution of
5% PEG loaded Targeted
PLGA-PEG NPs. White bars are
control mice and black bars
are tumor-bearing mice.

Biodistribution of Targeted NPs (4/5/2010)
15% PEG Loading
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Total Bone
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Figure 35:

Whole body biodistribution of
15% PEG loaded Targeted
PLGA-PEG NPs. black bars are
tumor-bearing mice.
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Bone Biodistribution of Non-targeted NPs (Exluding Injection site)
12

Il Control Mice
I Tumor Bearing

% Injected Dose/Gram of Tissue

5% PEG 15% PEG

Figure 36:

Bone biodistribution of 5% and
15%PEG Non-Targeted PLGA-
PEG NPs. Light blue bars are
control mice and dark blue are
tumor-bearing mice

Bone Biodistribution of Targeted NPs (Excluding injection site)
12

0] -

I Control Mice
I Tumor Bearing

% Injected Dose/Gram of Tissue

5% PEG 15% PEG

Figure 37:

Bone biodistribution of 5% and
15% PEG Non-Targeted PLGA-
PEG NPs. Light blue bars are
control mice and dark blue are
tumor-bearing mice. (missing
bar due to data no available)
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Total Bone Biodistribution of Non-targeted NPs

35

I Control Mice
HEE Tumor Bearing

30

25

20

15

% Injected Dose/Gram of Tissue

10

5% PEG 15% PEG

Figure 38:

Bone biodistribution of 5%
PEG Targeted PLGA-PEG NPs.
Light blue bars are control
mice and dark blue are tumor-
bearing mice.

Total Bone Biodistribution of Targeted NPs

35

I Control Mice
I Tumor Bearing

% Injected Dose/Gram of Tissue

5% PEG 15% PEG

Figure 39:

Bone biodistribution of 15%
PEG Targeted PLGA-PEG NPs.
Light blue bars are control
mice and dark blue are tumor-
bearing mice.
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Blood Clearance of 5% PEG Non Targeted NPs
120

I Tumor Mice (N=7)
HE Controls (N=3)

Remaining Dose in Blood (%)

0 1 2 4 20 44

Time after injection (Hours)

Figure 40:

Blood clearance of 5%PEG Non
Targeted Nanoparticles in
control and tumor-bearing
mice.

Blood Clearance of 15% PEG Non Targeted NPs
120

I Tumor Mice (N=7)
I Controls (N=3)

Remaining Dose in Blood (%)

0 1 2 4 20 44

Time after injection (Hours)

Figure 41:

Blood clearance of 15%PEG
Non Targeted Nanoparticles in
control and tumor-bearing
mice.
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Blood Clearance of 5% PEG Targeted NPs
120

I Tumor Mice (N=7)
I Controls (N=3)
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Figure 42:

Blood clearance of 5%PEG
Targeted Nanoparticles in

control and tumor-bearing
mice.
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3) Task 3 is concerned with demonstrating the efficacy of bone-targeting nanoparticles
containing small molecule therapies in a myeloma mouse model. The task is broken down
into the following subtasks:

e Prepare drug loaded bone-targeting nanoparticles. Pending.
e Conduct in vivo efficacy studies. Pending.

3. KEY RESEARCH ACCOMPLISHMENTS
Year 1:

1. Synthesized amino-functionalized methylene bisphosphonate to serve as one of two bone-
targeting ligands to be attached to polymer nanoparticles.

2. Developed two procedures for preparing nanoparticles and demonstrated their ability to
repeatedly produce nanoparticles with narrow distribution in the target particle size range of

100-200nm and smaller, if necessary.

3. Synthesized PLGA-b-PEG block copolymers to prepare PEGylated nanoparticles with improved
circulatory half-lives.

4. Formulated PEGylated nanoparticles using available procedures.

5. Synthesized PLA-b-PEG-Maleimide block copolymers to facilitate the attachment of bone-
targeting ligands to polymer nanoparticles via thiol coupling.

6. Developed methods of stabilizing polymer nanoparticles, with and without PEG modification,
against cryoprocessing.

7. Confirmed adsorption of selected bone-targeting ligands to bone-like substrates in vitro and
established ligand coupling chemistry.

8. Selected proteasome inhibitors for upcoming studies.
9. Encapsulated model proteasome inhibitor, MG-132.
10. Established proteasome inhibitor assay for determining nanoparticle payloads.

11. Developed animal protocols for upcoming in vivo studies in Tasks 2 and 3.
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Year 2.
1. Developed two procedures for preparing nanoparticles and demonstrated their ability to
repeatedly produce nanoparticles with narrow distribution in the target particle size range of

70-200nm and smaller, if necessary.

2. Synthesized and fully characterized PLA-b-PEG-Maleimide block copolymers to facilitate the
attachment of bone-targeting ligands to polymer nanoparticles via thiol coupling.

3. Improved lyostability of polymer nanoparticles, with and without PEG modification.

4. Developed methods to radiolabel polymer nanoparticles, the first time, to our knowledge, this
has been done.

5. Encapsulated two proteasome inhibitors, MG-132 and PS-1, and determined their in vitro
release profiles.

6. Developed proteasome activity assay to determine activity of encapsulated drug.

7. Developing in vitro assay to determine affinity of bone-targeting nanoparticles to
hydroxyapatite substrates.

Year 3:

1. Developed methods to radiolabel polymer nanoparticles, the first time, to our knowledge, this
has been done.

2. Quantified functional groups available for ligand conjugation using S35-labeled ligands.

3. Developed alternative assay to confirm affinity of bone-targeting nanoparticles to
hydroxyapatite substrates.

4. Demonstrated in vitro stability of radio-labeled nanoparticles.

5. Successfully transferred our nanoparticle preparation protocols to another facility to support in
vivo biodistribution studies.

6. Started in vivo biodistributions, validating ability of our radio-labeled nanoparticles to be imaged

for up to 48 hours and further confirming our protocol methods to study bone-targeting
nanoparticle biodistribution via radio-imaging.
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Year 4:

1.

Developed methods to radiolabel polymer nanoparticles; to our knowledge, this is the first time
this has been accomplished.

Quantified functional groups available for ligand conjugation using OPA amino reagent.

Developed alternative assay to confirm affinity of bone-targeting nanoparticles to
hydroxyapatite substrates.

Demonstrated in vitro stability of radio-labeled nanoparticles.

Successfully transferred our nanoparticle preparation protocols to another facility to support in
vivo biodistribution studies.

Started in vivo biodistribution studies to validate ability of our radio-labeled nanoparticles to be
imaged for up to 48 hours and further confirming our protocol methods to study bone-targeting
nanoparticle biodistribution via radio-imaging.

4. REPORTABLE OUTCOMES

Year 1:

1.

Abstract submitted to DoD-USAMRMC/PRMRP Military Health Research Forum.

Invited to present results from this program at talk at the Particles 2006 —Medical/Biochemical
Diagnostic, Pharmaceutical, and Drug Delivery.

Applications of Particle Technology Forum scheduled for May 13 —16, in Orlando, FL.

Invited to give a guest lecture on nanoparticle drug delivery technology to the Graduate
Bioengineering Program at the University of Texas at San Antonio, March, 2006.

Provided an opportunity for a high school student through the Project SEED.

Program of the American Chemical Society. The program is geared to expose under-represented
and disadvantaged high school students to chemistry to encourage their continued education.

Hired a PhD Bioengineering student who'’s thesis will be based on work conducted on this
project.

Subcontract in place with UTHSC for the biodistribution study described in Task 2 scheduled for
the coming year.
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Year 2:
1.

2.

Year 3:

1.

Year 4:

1.

2.

Abstract accepted to Society of Biomaterials Annual Meeting.
Two abstracts submitted to the Annual Meeting of the Controlled Release Society.

Invited to present work to the 59th Annual Meeting of the Board of Directors of Southwest
Research Institute.

Hired additional professional staff who have been instrumental in completing nanoparticle
formulation work and will be supporting upcoming biodistribution studies.

Subcontract executed for biodistribution study with UTHSC-SA described in Task 2.

Animal protocols for the biodistribution and efficacy studies described in the original statement
of work (Tasks 2 & 3, respectively) have been reviewed and approved by the DoD Animal Care &
Use Review Office.

Manuscript in preparation discussing the development of bone-targeting nanoparticles and
radio-labeled nanoparticles.

Presented poster at 32nd Annual Meeting of the Society of Biomaterials.

Made podium presentation entitled “Development and Characterization of Bone- Targeting
Nanoparticles” at the 34th Annual Meeting of the Controlled Release Society, July 7 — 11, Long
Beach, CA.

Presented poster entitled “Controlled Release of Proteasome Inhibitor from Biodegradable
Nanoparticles for Myeloma Therapies” at the 34th Annual Meeting of the Controlled Release
Society, July 7 — 11, Long Beach, CA.

Hired additional professional staff to support biodistribution and in vivo efficacy studies.
Animal protocols for the biodistribution and efficacy studies described in the original statement

of work (Tasks 2 & 3, respectively) have been reviewed and approved by the DoD Animal Care &
Use Review Office.

A change of the principal investigator (Pl) was filled this year due to the departure of the
previous PI.

An extension for final completion of this project was granted by the U.S. Army Office. The new
completion date is now on March 17, 2010.
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3. Animal protocols for the biodistribution and efficacy studies described in the original statement
of work (Task 2) have been reviewed and approved by the IACUC office and the ACURO army
office.

4. An abstract was submitted and accepted for presentation at the annual CDMRP conference in
Kansas City, Missouri in September 2009. Abstract provided in appendix 3.

5. CONCLUSIONS

We completed extensive nanoparticle formulation work at the bench level and performed several
biodistribution studies of the best formulations. We consistently prepared polymer nanoparticles of
required size and composition necessary to support other tasks of the project.

We formulated Velcade for prolonged release using long circulating PLGA-PEG nanoparticles, and
demonstrated partial bone accumulation of the targeted nanoparticles in vitro and in vivo. At the time
of this final report preparation we initiated the final efficacy studies. So far, we have done three out of
four weeks dosing of targeted and non targeted nanoparticles formulated with Velcade at 0.6 and 3.0
mg/kg total dose. Controls include the same doses as free saline formulated drugs, empty
nanoparticles, and saline vehicles.

The in vivo results demonstrate that after 4 hours, we can expect 50% of the nanoparticles to still be in
circulation.

Bone targeting was only partially achieved (a 3-fold increase over non targeted nanoparticles); however,
this small increase may result in a dramatic efficacy improvement. Also, the additional benefits include
simplifying the dosing and avoiding toxic solvents used with some of the chemotherapeutics.

In vivo efficacy studies are presented in Appendix 4. This study was done in collaboration with UTHSCSA
(Professor Babatunde O. Oyajobi at UTHSCSA) and interpretations of results are presented by him.
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Appendices
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APPENDEX 1: Synthesis of PLA-b-PEG-Ligand

The bone-targeting capability of our nanoparticles was provided by covalently attaching previously
identified ligands to the nanoparticles surfaces via an activated polyethylene glycol (PEG) linker. Our
approach to preparing this linker was to start with a bifunctional PEG and selectively attach to the
respective ends either the bone-targeting ligand or a polylactide polymer.

As reported previously, we were able to procure the required bifunction PEG from a commercial source.
This material has the form HO-PEG-NH, with the PEG segment being approximately 3400 molecular
weight. The synthetic approach was to couple the PLA segment to the PEG block via the HO- moiety,
leaving the —NH, moiety for attaching the Ligand.

The first step was to attach PLA to the bifunctional PEG using ring-opening polymerization in the
presence of a coordination catalyst as illustrated in Figure 3 (see Scheme 1). The amine group (-NH,) is
protected during the polymerization. Using tin 2-ethylhexanoate as a catalyst and lactide monomer, we
prepared PLA-b-PEG-NH2 block copolymer and confirmed the structure and composition of the
recovered product by 'H-NMR. In one example, the resulting molecular weight of the PLA block was
estimated to be about 25,500. The PLA block length can be altered by adjusting the catalyst content
using an inverse relationship based on the polymerization kinetics. We obtained PLA blocks of
approximately 44,000 molecular weight by simply reducing the amount of catalyst. This particular block
length is essentially equivalent to the molecular weight of the PLGA polymers used in the base
nanoparticle formulation.

Bone-targeting ligands were covalently attached to the PEG linker via a thiol coupling to a maleimide
group (see Scheme 3, Figure 3). The maleimide group was introduced to the —NH2 terminus of the
previously prepared PLA-b-PEG material by reaction with 3-maleimidopropionic acid N-
hydroxysuccinimide ester (MPS). We discovered that the maleimide functionalization could not be
achieved using the PLA-b-PEG-NH, starting material. Alternatively, we found it necessary to first attach
the maleimide group to the HO-PEG-NH,, followed by PLA attachment to the HO-PEG-Maleimide by the
previously described ring-opening polymerization. Structures were confirmed at each of the key
synthesis points by *H-NMR. The typical product had a PLA block size of about 52,000 molecular weight.

Our next step in this development was to attach the selected bone-targeting ligands to these maleimide-
functionalized block copolymers. Both of the selected ligands, amino methylene bisphosphonate
(aMBP) and an aspartic acid oligomer (Asp,), have an amino terminus. This is converted to thiol by
reaction with Traut’s Regeant (2-iminothiolane, see Scheme 2, Figure 3). This thiol analogue then reacts
with the maleimide moiety of the block copolymer to yield a covalently attached ligand.
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Scheme 1 - Synthesis of Polyethylene glycol - polylactide-co-galactide Block Copolymers
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Scheme 2 - Thiolation of Amino-terminated Bone-targeting Ligands
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Scheme 3 - Conjugation of Thiolated Bone-targeting Ligands to PEG-Lactide Block Copolymers

O
) O
+ H
H
Il . Re N N—R"
R'\ ,N\/\/\ + | N—R —_— \N/
N SH H
H (e}
(0]

R' = See Scheme 2 above
R" = Product from Scheme 1 above

Figure 3. Synethic schemes for the preparation of PEGylated polylactide block copolymers
(Scheme 1), thiolation of amino-terminated bone-targeting ligands (Scheme 2), and,
conjugation of thiolated bone-targeting ligands to maleimide-functionalized PEGylated
polylactide block copolymers (Scheme 3).
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Synthesis of PLA-b-PEG-Ligand

The materials mentioned above were analyzed by *H-NMR to determine their composition and product
yield. The starting material for this synthesis was the bifunctional PEG, HO-PEG-NH,, with the PEG
segment having an estimated molecular weight of 3400. Figure 4 shows the ‘H-NMR spectrum of this
material. The methylene groups of the PEG block have a shift of 8 ~ 3.6ppm and the methylene group
adjacent the terminal amine, -NH,, has a shift of 6 ~ 2.8ppm. The hydrogen balance of these peaks is a
follows:

dn+2 a

2 b
where n is the PEG block length, a the integrated peak height of the PEG methylene groups, and b the
integrated peak height of the methylene group adjacent the terminal amine. This leads to a block length
of approximately 85, corresponding to a PEG molecular weight of about 3750, in good agreement with
the suppliers’ estimate.

We noted in previous work that it was best to first attach the maleimide functional group necessary for
thiol-mediated coupling of our ligands followed by the attachment via ring-opening polymerization of a
polylactic acid block. The first step is achieved according to the scheme shown in Figure 5 followed by
isolation of the product in diethylether. Figure 6 shows the "H-NMR spectrum of the isolated product.
Similar compositional analysis to that of the PEG starting material can be applied to determine the
extent of maleimide attachment. The relevant peaks are the PEG methylene hydrogens at & ~ 3.6ppm
and the maleimide hydrogens at & ~ 6.7ppm. The hydrogen balance is a follows:

dn+2 a

2 b
This leads to a PEG block length, n, of about 201 units. The ratio of the known block length determined
previously to this value is an estimate of the extent of maleimide coupling, which is 85/201 = 42%. This
conversion is low and we then considered other reaction conditions to increase the conversion.
After maleimide attachment, a polylactic acid block was attached via ring-opening polymerization
followed by precipitation into water. This chemistry has been discussed in previous reports. Figure 7
shows the 'H-NMR spectrum of the isolated product. The PLA block length is estimates as follows:
dn+2 a

3m+3 ¢

where n and m are the PEG and PLA block lengths, respectively, a the integrated peak height of the PEG
methylene hydrogens, and ¢ the integrated peak height of the lactic acid methyl group. The PEG block
length, n, is known from previous analysis leading to an estimate of the PLA block length of 830. This
corresponds to PLA block molecular weight of about 60,000, which is similar in length to our neat PLA
and PLGA commercial polymers. Further analysis of the product spectrum indicated the continued
presence of the maleimide functional group, although the amount of this component relative to the
original starting material has not been fully quantified.

The maleimide-functionalized PEG-b-PLA block copolymer was formulated into nanoparticles to develop
a method to quantify the amount of functional groups available for bone-targeting ligand attachment.
This was necessary to be able to prepare nanoparticles with different amounts of ligands to ascertain
the effect of ligand content on the ability of the particles to target.

The functional polymer was mixed with PLGA in a ratio of 10/90 w/w, corresponding to an estimated
functional group content of about 5nmol. Particles were precipitated and solvent removed by crossflow
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filtration according to procedures described previously. These particles were incubated with a thiol-
containing fluorescent probe (SAMSA, (5-((2-(and-3)-S-(acetylmercapto) succinoyl) amino) fluorescein)
fluorescein, Molecular Probes) for 30 minutes after which the particles were separated by centrifugal
dilation. Material balance on the fluorescent probe indicated a functional group content of about
3.05nmol, in reasonable agreement with the estimated content.

HN—Cc—c—o-c—=c—o-H
f‘ H," H, H, " H,
| |
b a a
a """"'I""’“'""I""'""\‘T‘"“"'I"""u'-"l" T T T T T T T T T 1
_ _ - _
e

Figure 4. 1H-NMR spectrum of commercially available bifunctional polyethylene glycol.

o
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Figure 5: Reaction scheme for the maleimide functionalization of a bifunctional polyethylene glycol.
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Figure 6: 1H-NMR spectrum of maleimide-coupled bifunctional PEG.
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Figure 7: 1H-NMR spectrum of maleimide-PEG-PLA block copolymer.
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APPENDIX 2: Method for ligand quantification

Method for ligand quantification (Acid hydrolysis and OPA amino acid quantification)
See Pierce reference; Cat# 26025 and 24304 for more detailed instructions on acid hydrolysis and use of
o-Phthaldialdehyde (OPA) reagent.

In brief and as reported on quarterly report 12, the MAL amount was varied at three levels (80:20;
90:10; 96:4 — w/w) by mixing different proportions of the function copolymer with unmodified PLGA
polymer. A 10-fold excess of (Asp). peptide ligand was reduced and incubated with freshly prepared
nanoparticles at room temperature overnight. The nanoparticles were separated from unconjugated
peptide by ultracentrifugation and the pellet dispersed in 1 ml of DI water. The nanoparticle dispersion
was extensively hydrolyzed overnight using constant boiling HCI at 120 °C. After hydrolysis, the resulting
solution was neutralized and assayed for released aspartate (Asp) amino acid.

An o-Phthaldialdehyde (OPA) assay was used to quantify the amount of amino acids. It has been well
established that binding of amino acids to OPA compound causes an increase in intrinsic fluorescence of
OPA compound. To quantify the amount of released amino acids we developed a standard calibration
curve by incubation varying concentration of Asp amino acid with OPA solution. The representative
calibration curve for Asp amino acid quantification is shown below (Figure 1). The fluorescence intensity
was normalized for the background fluorescence of OPA compound.

4 50E+08

AO0E*08 7 = 8E+00x + 1E+06
3.50E+08 - R? = 0.9997
3.00E+08

2.50E+08

2.00E+08

1.50E+08

1.00E+08

Relative Fluoresence Intensity

5.00E+07

0.00E+00 T T T T T
0 0.01 0.02 0.03 0.04 0.05 0.06

Conc of Asp amino acid (mg/ml)

Figure 1. Calibration curve for OPA assay of amino acid content.

Nanoparticles without conjugated Asp, ligand were used as controls to determine the increase in OPA
fluorescence due to any non-specific interaction with polymer fractions. The contribution of control
samples was subtracted to determine the effective concentration of hydrolyzed peptide. Figure 2 shows
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the resultant concentration of Asp peptide conjugated to nanoparticles at varying levels of MAL
concentration in the nanoparticles.
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Figure 2: Amounts of conjugated Asp, ligand to nanoparticles containing different compositions of ligand
binding sites.

The results show that the amount of conjugated Asp, ligand follows the availability of MAL functional
groups over the given compositional range. The results also highlight that the conjugation efficiency is
low. For 80:20 PLGA nanoparticles, the efficiency was approximately 3%. Low conjugation efficiency can
be attributed to various factors including accessibility of Mal molecule for conjugation, rapid hydrolysis
Maleimide group (~half life of 30-40 minutes), steric hindrance for Asp peptide molecule and possibly a
low efficiency in incorporation of polymer chains to form nanoparticles. To obtain a more accurate
measure of conjugation efficiency, we would need to determine the concentration of nanoparticles
formed using the above approach.
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Appendex 3: Development of Bone-Targeting Nanoparticles for Bone Cancer
Therapies

Controlled Release Society: July 7-11, 2007 Long Beach Convention Center Long Beach, California
U.S.A. Development and Characterization of Bone-Targeting Nanoparticles S Crumlett, G Rossini, J
Trevino, N Vail Southwest Research Institute, USA (Nanoencapsulation section, #156)

Development of Bone-Targeting Nanoparticles for Bone Cancer Therapies
Stefanie Crumlett, Gianny Rossini, M.S., Jack Trevino, Neal K. Vail, Ph.D.
Southwest Research Institute, San Antonio, Texas.

Statement of Purpose: We hypothesize that bone-targeting nanocarriers can preferentially accumulate
in the skeleton and locally release proteasome inhibitors (Pl) to impair the capacity of myeloma cells to
survive and grow in vivo, thereby reducing the formation and growth of tumor-induced lytic bone
lesions. Pls are not selective to bone and their therapeutic-toxic window may be narrow when
administered systemically. Targeted bone delivery has potential to reduce systemic exposure, increase
efficacy in the bone environment, and the opportunity to reverse catastrophic disease processes. Site-
specific targeting requires quantitatively distinct receptors. We selected the calcified matrix as our initial
site for bone-targeting. We identified bone-binding ligands and selected two well-known for their
predilection to bone surfaces, methylene bisphosphonate (MBP)[1] and an aspartic acid oligopeptide
(Asp,)[2]. We present work on the development and characterization of bone-targeting nanoparticles to
be used in our preclinical studies.

Methods: Polylactide-co-glycolide (PLGA, 75/25, Brookwood) was used to prepare nanoparticles.
Functional polyethylene glycols (PEG) were obtained from NOF Corp. Asp, was obtained from Sigma.
PLGA-b-PEG was prepared by conjugating PLGA to an amine-terminated mPEG via DCC/NHS coupling.
Maleimide-terminated PEG-b-PLA copolymer was prepared by ring-opening polymerization of lactide on
to a hydroxyl-terminated bifunctional PEG. Maleimide was added to the PEG terminus by reaction with
3-maleimidopropionic acid NHS ester. Amino-MBP was synthesized by modified reported method [3].
Either aMBP or Asp, was linked via sulfhydryl-amino conversion to the functionalized copolymer. Ligand
conjugation was monitored by sulhydryl. All structures were confirmed by ‘"H-NMR. Nanoparticles were
prepared by either emulsification/solvent-loss or nanoprecipitation. Solvent was removed by
evaporation. Particles were purified by ultracentrifugation or cross-flow filtration and lyophilized.
Various lyoprotectants were studied. Particle size was determined by photon correlation spectroscopy
and zeta-potential measured at pH 7.4. Preferential binding of ligand-containing nanoparticles to
hydroxyapatite substrates was determined using radio-labeled nanoparticles. Model Pls were
encapsulated and their release profiles determine in vitro.

Results/Discussion: In previous work, we prepared ligand-containing liposomes and showed these
nanocapsules preferentially adhered to hydroxyapatite substrates in vitro [4]. However, encapsulating
hydrophobic actives in liposomes is problematic. Therefore, we turned to polymer nanoparticles as an
alternative. Nanoparticles were prepared from PLGA/PLA-PEG blends. Nanoparticles prepared by
emulsification ranged in size from 150nm to about 200nm, depending on the PEG content, with particle
size decreasing with increasing PEG content. Similarly, zeta-potential decreased with increasing PEG
content, suggesting shielding of the PLGA surface by the surface PEG groups, although nanoparticle
dispersion stability was not affected. Nanoparticles prepared by nanoprecipitation ranged in size from
about 75nm to about 150nm, depending on solvent choice, polymer concentration, and PEG content.
Lyophilization of nanoparticle dispersions resulted in irreversible agglomeration.  Traditional
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lyoprotectants, such as oligosaccharides, reduced agglomeration, but only at concentrations of 0.5% or
higher. Pluronic F68 provided excellent lyostability at considerably lower concentrations.

Structural analysis of the custom synthesized maleimide-PEG-b-PLA polymer indicated the PLA segment
had a length of about 710 units, or a M,, of about 50k. Attachment of the maleimide group had a
conversion of 100% and ligand attachment to the maleimide was similarly determined to occur with
high conversion. Ligated polymers were incorporated into PLGA nanoparticles during preparation in
compositions up to about 10% wt. The gamma emitter, *°™Tc, was encapsulated into nanoparticles with
efficiency typically of about 20% for radio-labeling. The preferential adherence of these ligand-
containing, radio-labeled nanoparticles was evaluated with several hydroxyapatite powders.
Attachment of ligand-containing nanoparticles was found to occur in a Langmuir-like behavior.
Nanoparticles without targeting ligands had no significant affinity for the HAp substrates.

Proteasome inhibitors PS-1, PS-IX, and MG262 were encapsulated into nanoparticle formulations with
encapsulation efficiencies up to about 50%, resulting in payload compositions of typically less than
about 10% wt. Particles and payload remained stable through lyoprotection. In vitro release studies
showed the actives to be completely released within 1 — 3 weeks.

Conclusions: We prepared and verified the structure of bone-targeting ligands conjugated to
biodegradable polymers and their use in the formation of polymer nanoparticles. These nanoparticles
could be made lyostable with Pluronic F68 being effective at lower, reasonable concentrations than
oligosaccharides. We further showed that specifically formulated bone-targeting nanoparticles
preferentially adhere to bone-like surfaces. Cancer drugs could be encapsulated in these nanoparticles
with reasonable efficiencies and payloads, and further released under in vitro conditions.

References: 1. Davis, et al., Semin Nucl Med. 1976; 6:19-31. 2. Kasugai, et al., J Bone Miner Res. 2000;
15:936-943. 3. Kontoci, et al. Synth Comm. 1996; 26:2037-2043. 4. Vail, et al., CRS, 2003.
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Abstract presented in Army Health Research Forum (August 31-September 3, 2009 Kansas S9-2 and P25-
3 City, MO.
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BONE-TARGETING NANOPARTICLES FOR TREATMENT OF MYELOMA
Gianny Rossini
Southwest Research Institute

Background: Multiple myeloma is the second most common adult hematelogic malignancy and is unigque
in its propensity to cause bone destruction [Mundy, 1988]. The disease accounts for 1-2% of cancer-
related deaths (Jemal, 2003), with 80% of patients suffening devastating and progressive bone destruction.
Beneficial effects of conventional therapeufic regimens are modest and relapse 1s invariable, and therefore,
new treatment strategies are of urgent and vital importance.

Purpose: The purpose of our work 1s to determine. in preclmical studies, the potential of skeletally
targeted PIs as an efficacious and selective treatment for myeloma. The program hypothesis is that bone-
targeting nanocarriers can preferentially accummlate m the skeleton and locally release PIs to impair the
capacity of myeloma cells to survive and grow in vive, thereby reducing the formation and growth of
tumor-induced lytic bone lesions.

Methods: Site-specific targeting requires quantitatively distimet receptors. We selected the caleified matnx
as our initial site for bone-targeting. We identified bone-binding ligands and selected two well known for
their predilection to bone surfaces, methylene bisphosphonate (MBFP) (e.g., Davis, 1976) and an aspartic
acid ohigopeptde (Aspd) (e.g., Kasugai, 2000). We synthesized ammo-MBP and confirmed structure by
1H-NME. Either aMBP or Aspd was linked via sulfhydryl-amino conversion to a maleimida-
fimctionalized PEG-b-PLA copolymer. Ligand conjugation was monitored by sulhydryl content nsing TTV-
Vis spectroscopy. The PEG-b-PLA copolymer was prepared by mng-openng polymenzation of lactide m
the presence of a hydroxyl-termunated bifinctional PEG. The block copolymer composition was confirmed
by 1H-NME.

Results: We prepared nanoparticles with different compositions ratios of PLGA/PLA-b-PEG using the
coacervation method and emmlsion method with particle size from 100 nm to about 200 nm, depending cn
the PEG content. Two approaches were used to prepare targeted MPs. For the first approach, pelymer was
synthesized with ligand already on (PLGA-PEG-ASP4) and particles would form after. For the second
approach, ligand was conjugated after particle formation. The benefit of the first method is reproducibility
and speed of processing. Cryoprotectants, such as disaccharides, were required to avoid particle
agglomeration dunng lyophilization. The selected bone-targeting ligands were conjugated to the surfaces
of fimctionalized nanoparticles. Adherence of these ligand-contaiming nanoparticles to hydroxyapatite
substrates was confirmed by radiclabeling particles with Tc9%m. Cell base assay confirmed the activity of
encapsulated dmg. Early biodistribution of non-targeted NP shows prolonged blood circnlation times with
a half life of around 4 hours.

Conclusion: We demonstrated the formmlation and characterization of nanoparticles for bone-targeting.
We showed that these specifically formulated bone-targeting nanoparticles preferentially adhere to bone-
like surfaces in vitro. In vivo biedistnbution of two untargeted nanoparticles’ formmlation demonstrates
prolonged circulation times; and the encapsulated FDA-approved drug Velcade is fully active. This
positions us to procesd with in vive work to study the biodistribution and efficacy of these nanoparticles.
This technology has tremendous potential in the treatment of myeloma and other musculoskeletal diseases
and disorders.

Thiz work was supported by the US. _drmy Medical Research and Materiel Command under FF5LXWH-05-C-0004.

PRO43358-1448_vle.doc 1
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Transactions Vol. 35, New Orleans, LA, 20100399 - Bone-targeting Nanoparticles: Synthesis,
Biodistribution and In-vitro Efficacy Cheng, Xingguo; Rossini, Gianny Bioactive Biomaterials;
Tumors; Orthopaedic Pathology
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Appendix 4: Targeted Therapies of Myeloma and Metastatic Bone Cancer Final
Report Efficacy Study
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SwRI Subcontract Mo. B99044 FmvaL REFORT Babatunde Oyajobi, MD, FhD

RESULTS AND DISCUSSION:
* Chmecal parameters for each mouse: weight loss, presence of paraparesis /paraplega

(@) Diata for body weight (g) and graphs are presented in APPEMNDIE C (Excel; Sheet 1)
All groups gained weight steadily nntil the last week when all tnmos-beanng gronps (TI-[X) lost weight
(~10%:). The extent of weight loss was not sgnificantly different in any of the mmor beasing pronps
(ANCOWVA). The control (sham) gronp that received only PBS throngh the @i vein {no mmor cells),
continued to gain weight throngh the last week of the expenment as wonld be expected. Based on
these data, it is reasonable to conclude that there is no overt toxmic effect of any of the fons
nanoparticles
(k) Theee (mice ID code #30, 48,53) were fonnd dead having died spontanecnsly (canse nnknown)
overnight before the end of the schednled experment; they had not been previonsly observed to be
sick or erther paraparetic or paraplegic. Becanse migor mornir had set in and it was impossible to deaw
blood for prepanng sera, these mice were excluded from further analysis. One monse developed
paraplepia late on day 27, one day before schednled termination of expenment (TD code #18) and
three more wese fonnd paraplepic on day 28, the scheduled termination smdy (ID code®* 43 62.67).
All three mice were inchnded in the cohort sacrificed on 08/10/10. There does not appear to be any
association betwreen development of paraplegia and the treatment administered; development of
paraplepia was random and probably welated to mmor exiting the vertebrae and infilerating the spinal
cord Snmmary of this is presented in APPENDIY C (BodyWeight =l=x; Sheet I).

* Serum monoclonal IgG2be tters- (nsed as a snerogate for overall mmor load)
All myelomas (hnman or monine) are nnique in that each is a clone producing a specific moneclonal
pazaprotein which in the case of the STGMI myeloma is an IgG2he (1,3). One group and others
have shown semm tters of the 5TGM] monoclonal paraprotein, measnsed by a sandwich ELISA to
be a reliable surrogate for and correlate with overall myeloma temor load (1.2,4-5). We determined the
titers i sermm obtained at baseline (07,/12/10; day -1) and immediately prios to sacofice (08,/10,/10;
day 28) and these data are presented in FIGURE 1 and APPENDIY D (IgG2b xlsx; Sheet 1). To
deternyine if there were sipnificant differences between gronps, ANOVA (with post-hoe correction by
Fishes PLSD) test) was performed nsing StatView program with sipnificance levels set at 0.1, 1 and 5%
(corresponding to #=0.001, #=0.01, p=0.05 respectively) (APPENDIX E).

] Fm-boﬂ:vel:lidesfgmups- (I & II), semm IpGZbe titers were sipnificantly elevated at sacoifice
(average fold change /group =3,000-fold) compared to base-line valoes.

(#) Velcade (internal treatment control) was effectrve in reducing mmor burden; mmor load on
both Velcade groups (IV & V) were sipnificantly rednced compared to vehicle control (gronp IT)
(p=0.001)

(###) Both NP (Tarpeted, pronps VI & VII) and MNP (INew-faorpered gronps VI & ) also exhibited
potent anti-myeloma effect reducing tumor load in mice at both doses tested significanty
compared to NP wehicle (gronp IT) (p-=0.001)

() Unlike the Velcade-treated pronps, where there was a dose-relationship in the anti-mmor effect
(IgG2bw; p=0.01, group IV vs group V), neither NP (Tarpetes) nor NP (New-tarperes] exhibited a
similar dose-dependency; semm IpG2hi titers were not significantly different betoreen the
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of IP. The reason for this is noclear and withont data on the pharmacokinetic and

pharmacodynamic properties of the NPs, as well as the amonnt of NPs reaching bone and the
rate of release locally in bone, any conclusions will be highly speculatve at best.

(v} Compared to the equivalent dose of Velcade, only with the NP (Now-tarpeted) at 0. 2mg ke was
tmunor burden significantly rednced and this was st bazely (p=0.049%)_ There was ac
statistically significant difference between NP (Tarpered) and NP (Nen-farpered) at either dose
tested. Again, it is nnclear why there is no difference between the two classes of WNPs: Targened
and Now-tarpeted, and without more data any conclnsions wonld be speenlatre.

*  TWhole-body GFP scans
TWhele body optical finorescence scans (5) were performed according to protocol. After mice were
enthanized, the whole skeleton and wiscera (organs) were laid oot and re-tmaged. All images were
capiured and saved as hish-resolotion TIFF files on a Mac computer. A snmmary of the gross
observations (fnorescent focd) at necropsy (as misnalized on the computer screen) are collated and
presented in APPENDTY F and TIFF files are provided on a CD. Please note that the data in the
Excel spreadshest iz only to indicate whether there is flnorescence in a particnlar organ ‘tssne or not
The excised spleens wese also weighed whole as splenomegaly is not nacommen in this model dne to
the fact that the spleen is 3 hematopoietic orpan in the monse and myeloma mmers engraft in this
organ in most animal models of myeloma. Splenic wet weight data are also included in APPENDTE
F. As we had prewionsly reported (B), in the Veleade lmp-treated gromp the incidence of splenomegaly
was markedly rednced with only 3 out of & mice haming enlarged spleens and even then these were
only very moderately enlasged (0.2-0.3g versns normal wet weight = 0.1g). Snrprisingly, there was no
effect of either class of NP at either dose tested on reducing splenic enlasrpement Even in the NP
Tarpesed 1me-treated pronp 7 ont of § had splenomegaly and these were all massive (Z0.9g). This
sttnation was similar in the NP Nes-tarpeied lmg-treated group where all § mice snrornng at the end of
the expersment had similarly enlarped spleens (Z0.7g). The reason why the NP-treated mice did not
exhibit any rednction in spleen size as would be expected piven the sipnificant rednctions in
monoclonal paraprotein titers 15 nnclear. On paribility, albeit entirely rpeculative, is that fhere are ane or more
mrodecreles(s) in tive cireelersion dn INP-treared mive vhat ir manking the detection of the paraprovein in the sanduich

ELITA
CONCLUSION:
* Both classes of I4Ps tested exhibit anti-inmor efficacy in the muone STGM] model of multple
myeloma
01/28/11
Babamnde O Oyajob: Date

_Assaciate Professar of Cellular ¢ Structural Biology and Medicine
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Appendix 5: In-vivo efficacy

From: Gianny Rossini <gianny.rossni & swrii_org=
Subject: NPa
Date: July @, 2010 11:02:57 AM CDT
To: "Oyajobi, Babatunds” <O0YAJOBIEuthscsa.sdu=
Ceo: 'Gloria Gutiemez' <gloria.gutiemez @ swri_org=
Kay:
As we discussed over the phone today, we will prepare the NP for injection every Tuesday staring the next Tuesday
July 13. NP will be made fresh every Tuesday and be ready for injection on afternoon around 2-4 PM). NP will be
made for the next 3 or 4 weeks as needed to complete the study. We will provide NP vehicle and NP-velcade
formulation to inject in a volume enough for 100ul per animal using the iv tail injection protocol for a total of 8
animals per group and some extra volume for spare, NP will be re-suspended in saline. As | said before, | think we
can use 0.2 and 1 0 mg/kg doses instead of the 3 doses originally proposed on the S0W (0.1;05 and 1mg/k). The
main reason is to make space for targeted and non targeted NP and the comesponding controls. Comments and
sugpestions are welcome,

Group 1; vehicde

Group 2; NP vehicle

Group 3; Velcade 0.2mg/fkg

Group 4; Velcade 1 mg/kg

Group 5; NP 02mg/kg [non targeted)
Group &, NP Img/kg (non targeted)
Group 7; NP 0.2mg/kg [targeted )
Group 8; NP 1 mg/kg (targeted )

Thanks,
Gianny

Gianny Rossini

Sr Research Scientist

Biochemisiry & Biomatenals Group Leader
Tel: (210) 522-6347

Fax: (210) 522-4585

Southwest Research Insfituie

San Antonio TX 78238

This email message and any attachments are for the sole use of the intended recipient(s)
and contain confidential andfor privileged information. Any unauthorized review, use,
disclosure or distribution is prohikbited. If you are not the intended recipient, pleasze
contact the sender by reply =email and destroy all copies of the original message and any
attachments .
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From: Gianny Rossini <gianny.rossni @ swri_org=
Subject: NPa
Date: July 7, 2010 11:25:33 AM CDT
To: "Oyajobi, Babsatunds” <0YAJDBI@uthscsa. edus
Ceo: 'Gloria Estela Gutiemez' <gloria.gutiermez @ swriorg=, "Sapna Desai’ <sapna. desai @swriorg=

Hi Kay,

We need to talk about the upcoming animal study, please let me know at time and date that would fit you. | have
to say that July 9 and July 12 are difficult days for us and we should avoid those days for this study. Otherwise amy
other day should be fine, all we need from you is a date for injection and we will prepare the NP in 100ul on saline
for iv injection. About the animal groups, we need to drop the 0.1 dose and replace that for more nanoparticles
groups as follow.

Group 1; vehicle

Group 2; NP vehicle

Group 3; Velcade 0.5mg/kg

Group 4; Velcade 1 mg/kg

Group 5; NP 0.5mg/fkg [non targeted)
Group &; NP Img/kg [non targeted)
Group 7; NP 0.5mg/kg (targeted )
Group 8; NP 1 mg/kg (targeted )

Thanks
Gianny

Gianny Rossini

Sr Research Scientist

Biochemisiry & Biomatenals Group Leader
Tel: (210) 522-6347

Fax: (210) 522-4585

Southwest Research Insfituie

San Antonio TX 78238

Thi= email message and any attachment=s are for the sole use of the intended recipient (=)
and contain confidential andfor privileged information. Any unauthorized review, use,
disclosure or distribotion is prohibited. If you are not the intended recipient, please
contact the sender by reply email and destroy all copies of the original message and any
attachments.
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Appendex 6: Murine STGM1-GFP myeloma cells inoculated in Tumor-Bearing
Groups Report

AprENDIX B

Murine 5TGM1-GFP myeloma cells inoculated in TUMOR-BEARING GROUPS (1IHX)
ID [code) Route of admin  #cells inoculated i.v./100pul PBS

I: Control 1-6 IV [sham]) Mo cells/PBS only
II:  Vehicle 7-14 v 10°
i MNP Vehicle 15-22 1" 108
IV: Velcade 0.2mg,/kg 23-30 v 10°
V: Velcade 1mg/kg 31-38 v 10°
VI: NP 0.2mg/kg (non-targeted) 39-46 v 108
VII: NP 1mg/kg (non-targeted) 47-54 v 10°
VIl NP 0.2mg/kg (targeted) 55-62 v 108
IX: MP 1mg/kg (targeted) 63-70 v 108

Apge/Strain/Species tested: 5-6 week old female naive bg-nu-xid mice (nu/nu (n=70) — from Harlan,
Indianapolis, IN; delivered 07/08/10

Tumor Cell Inoculation: Inoculate cells via intravenous route through tail vein @ 1x10° cells in 0.1ml
PBS/mouse on 07/13,/10 (Day 0)

Route of Administration of Test Compounds: Manoparticles (NP} - intravenous tail vein injection;
Velcade™ [Bortezomib) — intraperitoneal injection
Using BD Uitra fine insulin syringe w/ 316G needle

Dose interval and duration of dosing: Once a week; starting 07/13/10 (day 0; Tuesday), and then weekly
thereafter for 4 weeks (total 4 doses). Test compounds will be delivered by SwRl personnel and injected
immediately

Methodology: Weigh animals, randomize imto groups and code (D) before experiment starts, so that all
groups have approximately the same mean body weights at start. For tumaor bearing groups (11-1X),
intravenous inoculation of cells will be random. Observe animals carefully (daily from start through week
3 and twice daily thereafter) for any abnormalities. Record body weights weekly.

Body Weights: Take body weights every Monday starting w) baseline on 07/12,/10 (day -1).

Serum collection: Collect serum using retro orbital bleeding method at baseline (07/12/10; day -1) and
weekly (Mondays) thereafter, and on the day of sacrifice using intra-cardiac bleeding method.

Radiographic and Optical fluorescence imaging: Obtain whole body X-rays on days 14 and 28; whole
body GFP scans on days 14, 21 and 28 post-tumor cell incculation.

Sacrifice Day: (i) When animals develop paraplegia/paraparesis either on/or before day 28 which ever
comes first; (i) if any mouse loses >10% of body weight in one week [vs the preceding week's weight)

Tissue harvesting: After the last set of whole body X-rays, GFP scans and serum collection, euthanize
mice. Immediately harvest all skeletal tissues and then viscera (brain, kidneys, spleen, liver, heart and
lungs). After tissue harvesting, scan all tissues again before transferring to cold 4% paraformaldehyde for
fixation.
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Appendex 7: Body Weights

D (Code) Date Day post-tumor cell incculation

Mouse found dead - cause unknown

Gr. IV Velcade 0.2mg a0 o7rZFMo 15
Gr. Wl NP 1mg, Mon-targeted 53 08/0410 23
Gr. Wl NP 1mg, Mon-targeted 48 08/068/10 25
Mouse found paraplegic

Gr_ Il MNP Vehicke 18 08/08/10 28
Gr. Wl NP 0.2mg. Non-targeted 43 oaroio 28
Gr. Wil NP 0.2mg. Targeted 62 oarMoro 28
Gr. X NF 1.0mg, Targeted a7 oaroio 28
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Appendex 8: 1gG2b Levels Raw Data
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Appendex 9: Statistical Analyses of IgG2bk Levels in Sera from Blood Obtained at
time of Sacrifice Report
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Appendix E
Statistical analyses of lgG2b« levels in sera from blood obtained at time of sacrifice

ANOVA Table for serum lgG (ug/mi)

DF  Sum of Squares Mean Square F-Value P-Value Lambda Power

Group T | 779845100 862 | 111420729980 | 45429 ([ <0001 | 318.001 | 1.000
Residual | 53 | 129990546.298 2452651817

Means Table for serum lgG (g mil)

Effect: Group

Coaunt Mean  Std. Dew. Std. Ermr.

1.0000 8 | 5693.219 | 2441.165 | B63.082
20000 8 | BEDO4. 544 | 2648 424 | 936.359
30000 7| 2968.020 [ 1534167 | 572.861
40000 B 446229 375.357 | 132.709
50000 8| 1341.231 915285 | 323.602
60000 [ 929 462 279713 | 114192
70000 B[ 1512.301 [ 1491.552 | 527.343
B.0000 B | 676.950(| 565651 192.988

= Group |l Vehicle

= Group I MNF vehicle

= Group IV Velcade 0.2mg/kg

=Group V Velcade 1.0mg/kg

= Group VI MP, non-targeted 0.2mg/ kg

= Group VI MP, non-targeted 1.0mg/ kg

= Group VIII MP, targeted 0.2mg/ ke

=Group X NP, targeted 1.0mg/kg
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Fisher's PLSD for serum lg6 (ug/mi)

Effect: Group
Significance Level: .1 %
Mean Diff. Crit. Diff. P-Value
1.0000, 2.0000 BBB.675 | 2727962 2615
1.0000, 3.0000 | 6725190 | 2823709 | <0001
10000, 4.0000 | 9246990 | 2727962 | <0001
1.0000, 5.0000 | 8351987 | 2727962 | <0001
10000, 6.0000 | B7Y63.757 | 2946.536 | <0001
10000, 7.0000 | 8180917 | 2727.962 | =0001
1.0000, 8.0000 | 9016.269 | 2F27.962 | <0001
2.0000, 3.0000 | 5836.524 | 2823.709 | <0001
20000, 4.0000 | 8358315 | 2727962 | <0001
20000, 5.0000 | 7463312 | 2727962 | <0001
20000, 6.0000 | 7B75.082 | 2946.536 | <0001
20000, 7.0000 | 7292.242 | 2727.962 | <0001
2.0000, 8.0000 | 8127.594 | 2727962 | <0001
30000, 4.0000 | 2521.791 | 2823709 0030
30000, 5.0000 | 1626.789 | 2823709 0499
30000, 6.0000 | 2038.558 | 3035.396 023
30000, 7.0000 | 1455719 | 2823709 07az
3.0000, 8.0000 | 2291.070 | 2823.709 0066
4 0000, 5.0000 | -BS5.002 | 2727962 2582
4 0000, 6.0000 | -483.233 | 2946.536 A702
4 0000, 7.0000 | -1066.072 | 2727 962 A7
4 0000, 8.0000 | -230.721 | 2727962 7694
50000, 6.0000 A11.770 | 2946 536 6284
5.0000, 7.0000 | -171.070 | 2727 .962 B279
5.0000, 8.0000 664.281 | 2727962 4001
60000, 7.0000 | -582. 840 | 2946.536 4938
60000, 8.0000 252.512 | 2946 536 7664
T.0000, 8.0000 835.351 | 2727962 2909
2
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Fisher's PLSD for serum lg6 (ug/mi)

Effect: Group
Significance Level: 1 %

Mean Diff. Crit. Diff. P-Value
1.0000, 2.0000 BAB.67S | 2092.163 2615
1.0000, 3.0000 | 6725.199 | 2165.595 | <0001
1.0000, 4.0000 | 9246.990 | 2092.163 | <0001
1.0000, 5.0000 | 8351.987 | 2092.163 | <0001
1.0000, 6.0000 | 8763.757 | 2259.795 | <0001
1.0000, 7.0000 | 8180917 | 20892163 | <0001
1.0000, 8.0000 | 9016.269 | 20892163 | <0001
2.0000, 3.0000 | 5B36.524 | 2165.595 | <0001
20000, 4.0000 | 8358.315 | 20892.163 | =0001
20000, 5.0000 | 7463.312 | 2092.163 | <0001
2.0000, 6.0000 | TBTS.082 | 2259.795 | <0001
2.0000, 7.0000 | 7292.242 | 2092163 | <0001
2.0000, 8.0000 | B127.594 | 2082163 | <0001
3.0000, 4.0000 | 2521.791 | 2165.585 0030
3.0000, 5.0000 | 1626.789 | 2165.585 0459
3.0000, 6.0000 | 2038.558 | 2327.944 023
3.0000, 7.0000 | 1455719 | 2165.585 0raz
3.0000, 8.0000 | 2291.070 | 2165.595 0066
4 0000, 5.0000 | -B95.002 | 2092.163 2582
4 0000, 6.0000 | -483.233 | 2259.795 L5702
4 0000, 7.0000 | -1066.072 | 2082.163 A7
4 0000, 8.0000 | -230.721 | 2092.163 7694
5.0000, 6.0000 411.770 | 2259.795 6284
5.0000, 7.0000 [ -171.070 | 2092.163 B279
5.000:0, 8.0000 664.281 | 2092.163 4001
60000, 7.0000 | -582.840 | 2259.7595 4938
6.0000, 8.0000 252 512 | 2259.7895 .TEE4
7.0000, 8.0000 B35.351 | 2082.163 2909

3
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Fisher's PLSD for senum g6 (ug/mi)

Effect: Group

Significance Level: & %

Mean Diff. Crit. Diff. P-Value
1.0000, 2.0000 BB8.675 | 1570.594 2615
1.0000, 3.0000 | 6725199 | 1625.719 | <0001 | 5
10000, 4.0000 | 9246990 | 1570594 | <0001 (5
1.0000, 5.0000 | 8351987 | 1570.594 | =0001 (5
10000, 6.0000 | BY63.757 | 1696435 | <0001 (5
1.0000, 7.0000 | 8180917 | 1570.594 | <0001 (5
1.0000, 8.0000 | 9016.269 | 1570.594 | <0001 | 5
2.0000, 3.0000 | 5836.524 | 1625.719 | <0001 (5
20000, 4.0000 | 8358315 | 1570.594 | <0001 (5
20000, 5.0000 | 7463312 | 1570.594 | =0001 (5
20000, 6.0000 | 7B75.082 | 1696435 | <0001 (5
20000, 7.0000 | 7292242 | 1570.594 | <0001 (5
2.0000, 8.0000 | 8127.594 | 1570.594 | <0001 | 5
30000, 4.0000 | 2521.791 | 1625.719 0030 | 8
30000, 5.0000 | 1626.789 | 1625.719 0489 | 5
30000, 6.0000 | 2038.558 | 1747.595 0231 |5
30000, 7.0000 | 1455719 | 1625.719 07az
3.0000, 8.0000 | 2291.070 | 1625.719 0066 | 5
4 0000, 5.0000 | -BS5.002 | 1570.554 2582
4 0000, 6.0000 | -483.233 | 1696.435 A702
4 0000, 7.0000 | -1066.072 | 1570.594 A7
4 0000, 8.0000 | -230.721 | 1570.594 7694
50000, 6.0000 411770 | 1696 435 6284
5.0000, 7.0000 | -171.070 | 1570.554 B279
5.0000, 8.0000 664.281 | 1570.594 4001
60000, 7.0000 | -582. 840 | 1696.435 4938
60000, 8.0000 252.512 | 1696 435 7664
T.0000, 8.0000 835.351 | 1570.594 2909
4
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Appendex 10: GFP-Scans
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